Purpose: To investigate the duration of apoptosis caused by ischemia-reperfusion in the intestine in a new double jejunum-segment model, and to analyze the protective effects of allopurinol or ischemic preconditioning (IPC). Methods: In Experiment I for harvesting the double jejunum-segment model after laparotomy a 30-cm-long jejunum part was selected on mongrel dogs (n=24). End-to-end anastomoses were performed at both ends and in the middle of the jejunum part, creating two equal segments. In one segment ischemia was induced by occluding the supplying vessels, the other segment served as control. Tissue samples for detecting apoptosis were taken at 30th minutes, 1st, 2nd, 4th, 6th, 8th, 12th and 24th hours of reperfusion. In Experiment II using the same model the 4-hour reperfusion time period, allopurinol (50 mg/kg) pre-treated and IPC (3 cycles of 5x1) groups (n=5 per each) were also investigated.
Introduction
Ischemia-reperfusion (I/R) injury of small bowel appears in case of small bowel transplantation, heart and aorta surgical interventions, acute and chronic mesenteric arterial and venous occlusion, during hypovolemic shock, intense trauma, in various forms of vasculitis, and necrotising enterocolitis (in childhood) 1, 2 .
Small intestinal mucosa with a high regenerative capacity is one of the tissues being most sensitive to ischemia-reperfusion injury. Chiu et al. 3 evaluated the ischemia-reperfusion intestinal injury and classified this process in characteristic histological grades. Similarly to other organs, free radicals play an important role in the pathophysiology of mesenterial I/R injury [4] [5] [6] , leading to different type of cell death, such as apoptosis or necrosis 7, 8 .
Although the pathophysiology of mesenterial ischemiareperfusion injury has been widely studied 8, 9 , it still involves questions without answer. What are the role and process of apoptosis in the pathogenesis of I/R injuries in the intestinal wall?
When does the apoptosis become active and intensive after the death signal has been started? When does the mucosal damage recover to the normal function? Further questions raised whether ischemic preconditioning or administration of allopurinol (inhibitor of xanthine-oxidase) can be effective to keep the normal apoptotic level and morphological structure. Investigating these questions, we aimed to analyse the duration of presence of apoptosis caused by ischemia-reperfusion injury in the intestinal wall using a double jejunum-segment model in the dogs. The second aim was to investigate the effects of allopurinol and ischemic preconditioning in the same model.
Methods

Experimental animals
The experiments were performed on 39 male and female Experiment I.
Anesthesia, surgical techniques and experimental groups
Anesthesia was induced and maintained by combined administration of SBH-Ketamin (10% ketaminum hydrochloricum, 10 mg/kg, i.m.) and Primazin (2% xilazinum hydrochloricum, 1 mg/kg, i.m.). The operations were performed in sterile conditions at the experimental surgical operating room of our department.
After performing midline laparotomy, a 30-cm long jejunum part was selected. At both ends and in the middle portion of the intestinal loop enterotomies were done blocking the intramural collateral blood flow. Three end-to-end anastomoses were performed to maintain the continuity of the bowel creating two segments for investigation of the I/R injury and for control ( Figure   1 ). The vessels supplying these segments were gently dissected from the surrounding tissues to eliminate connections with the systemic circulation. Then 30-minute ischemia was induced by occluding the vessels of one segment (ischemic segment) using an atraumatic vascular clip. The other segment did not suffer from ischemia (control segment). on the next day they were anesthetized again.
At the end of the reperfusion periods macroscopic obrservation of the abdominal cavity, the region of the anastomosis and the lumen of the intestine after opening was carried out.
By the end of the experiments the euthanasia were carried out by giving concentrated potassium-chloride intracardially under general anesthesia for all the animals. Experiment II.
The anesthesia, operative conditions were the same as in Experiment I. In all animals the double-jejunum segment model has been performed as described above. 
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Statistical analyses
Because of the small case number (3 animals per time point, 10 visual fields per each tissue sample), in Experiment I a limited comparison was made using one way ANOVA on ranks test (Dunn's method). In Experiment II (5 animals, 50 intestinal villi from each segment) Student's t-test or Mann-Whitney rank sum tests were used according to the data normality tests. A p value <0.05 was considered as statistically significant.
Results
Experiment I Macroscopical observations
During the experiment there was neither mortality nor any complication in the abdominal cavity and in the operating region. All the intestinal anastomoses functioned well. Figure 3 ). In numerous villi subepithelial spaces were observed with increased cellularity, mostly of lymphocytes in the apical region. However, the structure of the intestinal wall was well organized (Chiu G2 and G3). Gruenhagen's space was very rare (G0-1).
In the control samples mucosa was normal without inflammatory cells (G0). Table 1 shows the number and localization of apoptotic cells (40X magnification).
Immunohistochemical investigations
The control specimens showed healthy structure of mucous membrane and of the deeper layers of the intestinal wall.
There In the 8 th hour of reperfusion the number of apoptotic cells (placed both apically and basally) dropped to 4 per visual field. However, in the tunica propria there was an extensive inflammatory cell infiltration.
In the 12-and 24-hour specimens the number of apoptotic cells was just like in the control specimens.
Experiment II
Macroscopical observations
Similarly to the relevant results (4-hour) of Experiment I we observed significant amount of cellular debris sticked on the intestinal mucosal surface in each group. In AP+IR group the 
Microscopical investigations
H&E staining demonstrated the cellular debris on the mucosal surface in all IR, IPC and AP+IR groups, however, the histological grade did not differ between the groups. Each group presented mucosal changes ranging from completely normal apical villi to extension of the space with moderate epithelial lifting (Chiu G0-G2). Table 2 shows the number of apoptotic cells in control and ischemic jejunum-segments of IR, AP+IR and IPC groups.
Immunohistochemical investigations
In each group there was significant difference between control and ischemic segment (IR: p<0.001; IPC: p=0.008; AP+IR:
p=0.008). The highest apoptotic activity was observed in AP+IR group, presentig almost two or four-fold difference compared to the IPC or IR group, respectively (p<0.001). Apoptosis was found to be most intensive at the tip of the villi, however it was present in the deeper layers of the intestinal wall, too. Buttke et al. 13 suggested that oxidative stress induces apoptosis, and many of its inhibitors have antioxidant activities or enhance cellular antioxidant defenses.
The intestine contains the highest quantity of these enzymes in the body 10 .
Granger et al. 12 demonstrated that the xanthine-oxidase is presented in the highest quantity and activity in the mucous membrane and in the apical region of the villi, therefore the damage caused by the free radicals are more intensive in this area. These findings may explain, why the histological slides showed so intensive damage in the mucous membrane and why the number of apoptotic cells at the 4 th and 6 th hour of reperfusion was so high.
It was supposed that the xanthine-oxidase inhibitor allopurinol may reduce the jeopardizing effects of ischemiareperfusion 14 .
In our previous models we successfully used the 50 mg/kg dosage of allopurinol to diminish the hemorheological changes (impairing of red blood cell deformability) of hind limb or renal ischemia-reperfusion injury 15, 16 . In current study it was also expected that the number of apoptotic cells together with the necrotic ones decreases 13 . Interestingly, in this jejunum-segment model the allopurinol pre-treated group expressed the highest level of apoptotic activity, and thus, the ratio between necrosis and apoptosis significantly altered in this group. Since significant oxidative stress is known to induce necrosis, it is supposed that the effect of allopurinol might direct the dominant cell death type from necrosis to apoptosis by decreasing the level of reactive oxygen species, and rather increasing the number of apoptotic cells. However, the effect of allopurinol is dose-dependent and supposedly the way of administration would have an influence on the results, too 17, 18 .
During ischemia and reperfusion both necrosis and apoptosis may appear depending on the duration and extent of the ischemia. While necrosis is a passive process, the programmed It is also well known that apoptosis is a process which demands active protein synthesis that needs time 23 showed similar cellular debris on intestinal villi (Chiu Grade 0-2), the allopurinol pre-treatment caused higher apoptotic activity as discussed above. However, ischemic preconditioning resulted in lower number of TUNEL-positive cells compared to allopurinol pre-treatment group.
Ischemic preconditioning by exposing a tissue to a brief period of ischemia followed by reperfusion allowes the ability of the tissue to survive the sustained ischemia [24] [25] [26] . In experimental models of mesenterial ischemia, bowel-autotransplantation or jejunal flaps ischemic preconditioning was shown to reduce local acidosis, neutrophil recruitment as well as oxidative stress by complex pathomechanisms [26] [27] [28] [29] . Concerning the effective periods of time, Ferencz et al. 27 found that the nuclear factor κB-related adaptive mechanisms were initiated within 1 hour of ischemic preconditioning and peaking at 3 hours in a canine model of smallbowel autotransplantation. This time period fit well with our observations.
However, the significance of apoptosis in intestinal ischemia-reperfusion still need further studies to clarify the balance or disbalance between apoptotic and necrotic events, and their prevention or treatment.
conclusions Experiment I showed that apoptotic activity has a characteristic time curve, reaching the highest values between the 4 th and 6 th hours after 30-minute intestinal ischemia. Thus this period seems to be the most suitable time for investigating the process of apoptosis. Apoptosis was found to be the most intensive at the peak of intestinal villi. In Experiment II the effect of administration of allopurinol was contradictory, but the ischemic preconditioning (3 x 5 minutes) seems to be suitable protocoll to diminish morphological changes during ischemia-reperfusion injury in this canine model.
